Cs tracing technique. Wind erosion is one of the major environmental problems in semi-arid and arid regions. Here we established a transect from northwest (Tariat, Mongolia) to southeast (Xilingol, Inner Mongolia of China) across the Mongolian Plateau, and selected eight sampling sites along the transect. We then estimated the soil wind erosion rates by using the 137 Cs tracing technique and examined their spatial dynamics. In the Mongolia section (from Tariat to Sainshand), the wind erosion rate increased gradually with vegetation type and climatic regimes; the wind erosion process was controlled by physical factors such as annual precipitation and vegetation coverage, etc. While in the China section (Inner Mongolia), the wind erosion rates of Xilinhot, Zhengxiangbai Banner and Taipusi Banner were thrice as much as those of Bayannur of Mongolia, although these four sites were all dominated by typical steppe. Besides the physical factors, higher population density and livestock carrying level should be responsible for the higher wind erosion rates in these regions of Inner Mongolia.
INTRODUCTION
As an important indicator of land desertifi cation, wind erosion is one of the major environmental problems in semi-arid and arid regions worldwide (Lal 1994; Fryrear and Lyles 1997; Shao 2000) , including the Mongolian Plateau. The main part of the Mongolian Plateau belongs to Mongolia in the north and Inner Mongolia Autonomous Region of China in the south and east. The plateau is an intracontinental region in East Asia, with the typical continental climate of rare annual precipitation and frequent drought and windy episodes during the whole winter-spring season. Wind erosion is an important geo-process that can result in regional land degradation and dust storms. And the dust storm is regarded as one of the most severe environmental problems in North China and East Asia (Husar et al. 2001; Natsagdorj et al. 2003) . Moreover, the Mongolian Plateau is also a sensitive region of global climate change Uno et al. 2006) .
The traditional methods used to assess and monitor the wind erosion process are time-consuming, ineffi cient and costly. Moreover, it is diffi cult to obtain reliable estimates of wind erosion rates from short-term fi eld studies (Lal 1994; Fryrear and Lyles 1997; Shao 2000) . The 137 Cs tracing technique has been improved during the last 40 years and is currently considered as one of the major techniques for estimating soil erosion rates. This technique was originally used for water erosion studies, but has been applied to estimate wind erosion rates since the 1990s (Harper and Gilkes 1994; Yan et al. 2001; Hu et al. 2005; Yuichi et al. 2007; Zhang et al. 2007 ).
We collected soil samples from a number of sites with different vegetation types along the Tariat-Xilingol transect across the Mongolian Plateau. The objectives of this study were to estimate the wind erosion rates of the sampling sites using the 137 Cs tracing technique and to assess the regional pattern of wind erosion along the study transect.
Study area
The Mongolian Plateau is a special morphologic zone on the Eurasia continent. As a closed continental upland, it is surrounded by high-mid mountains including Greater Hinggan, Sayan and Altay mountains and has a long distance to the ocean. The plains and the high mountains shape the main body of physiognomy feature of the Mongolian Plateau. The climate is of typical arid and semi-arid continental mode, with mean annual precipitation less than 400 mm, a long cold winter, and a drought windy spring. Severe wind erosion can cause heavy dust storms. The plateau is believed to be the major dust source of the North China and East Asia (Zhang et al. 2003; Uno et al. 2006) .
The Tariat-Xilingol transect spanned a 1,400 km spatial gradient from Tariat region (99°E and 49°N, in Mongolia) to Taipusi Banner region of Xilingol (116°E and 42°N, Inner Mongolia, China), and traversed the main wind erosion region of the central Mongolian Plateau (Fig.  1) . We chose this transect because it constitutes dust sources and dust moving routes (Zhang et al. 2003 ) and a spatial gradient in both climate and vegetation types. From northwest to southeast, the FIGURE 1. The Tariat-Xilingol transect and sampling sites with MODIS land cover background on the Mongolian Plateau transect crosses Arkhangai, Bulgan, Ovorkhangai, Dundgovi and Dornogovi of Mongolia, and Xilingol of Inner Mongolia, China. Most previous studies focused on land use, soil carbon dynamics, and wind erosion rates in the Inner Mongolia region Hu et al. 2003) , and few studies were conducted in Mongolia (Yang et al. 2004; Dill et al. 2006; Yuichi et al. 2007) . Along the transect from north to south, the vegetation type changes from forest steppe, typical steppe, desertifi cation steppe, steppe desert, Gobi desert, typical steppe to farming-pastoral grassland. Thus, the transect covers the major vegetation and ecological types of the wind erosion region on the Mongolian Plateau (Yang et al. 2004; Dill et al. 2006) .
Sample collection and analysis
The soil samples were collected three times. The fi rst fi eld trip was conducted in Tariat, Bayannur, Lus, Elerjet and Sainshand in the Mongolia section of the transect, the second and third fi eld trips were conducted in Xilinhot, Zhengxiangbai Banner, and Taipusi Banner in Xilingol of Inner Mongolia, China (Fig. 1) . We chose these 8 sample sites after we thoroughly considered the causing factors of wind erosion such as vegetation types and the intensity of human activities. The soil samples were collected by using a column cylinder drill (90 mm internal diameter). 3-5 samples were collected at each sampling site, including one section sample and 2-4 bulk samples. The section sample was collected from the top 30 cm of the soil profi le with 3 cm increment from 0 to12 cm and 6 cm increment from 12 to 30 cm. The 
Wind erosion rates at the sampling sites
The mathematic models using the 137 Cs tracing technique could be classifi ed into two types based on disturbance types and the intensity of their impacts on soil surface: one for cultivated soils and one for uncultivated soils. All sampling sites in the transect are uncultivated soils, and the profi le-distribution model developed by Zhang et al. (1990) was used to estimate the wind erosion rates in this study. (T-1963) ( 1) where X is 137 Cs inventory of sampling site (Bq⋅m -2 ) in the year T, X 0 is 137 Cs reference inventory (Bq⋅m -2 ), h is average annual soil erosion depth (cm⋅a -1 ), T is the year of sample collection, λ is the coeffi cient describing the shape of the 137 Cs depth distribution in the soil that can be confi rmed by the least squares fi t using every layer 137 Cs contents of the section sample. The 137 Cs redistribution in the soil can be affected by rainfall and wind erosion characteristics in the Mongolian Plateau. Therefore, we induced k (0.95), a coeffi cient of 137 Cs redistribution caused by snow-blow (Hu et al. 2005) , into the equation in order to improve the confi dence level of the estimated wind erosion. The modifi ed profi le-distribution model is described by the following equation: (T-1963) (2)
The pattern of each 137 Cs profi le is typically in uncultivated soils (Fig. 2) . The 137 Cs content is highest at the surface layer, and declines exponentially with increasing depth. The reference section samples have higher 137 Cs contents in surface layer (0-3 cm) than the corresponding eroding samples commonly. The 137 Cs distribution depth along the transect is shallower than that of water--eroded areas (Fu et al. 2006) Cs inventories of samples in Table 3 were substantially lower than the values of reference inventories that are listed in Table 2 , indicating that wind erosion process had occurred at these sites. Table 3 shows the annual wind erosion depths and erosion rates, estimated by the modifi ed profi le-distribution model (2). Wind erosion depths ranged from 0.02 to 0.40 mm⋅a -1 . In the study transect, soil bulk densities of some sampling sites are higher because of high gravel contents and tight soils, and the wind erosion rate accordingly ranged from 53.12 to 479.63 t⋅km -2 ⋅a -1 .
ANALYSIS AND DISCUSSION
The T value, the soil loss tolerance factor, is a discriminatory standard to determine whether obvious and harmful soil erosion had occurred. The Soil Conservation Service of USDA defi ned the T value as "the maximum level of soil erosion that will permit a high level of crop productivity to be sustained economically and infi nitely" and established the zoning standard for the US (Wishmeier and Smith 1978) . In China, the Ministry of Water Resources (1997) established the standard for Classifi cation and Gradation of Soil Erosion (No SL190-96), and defi ned the T value as "the maximum level of soil erosion that will maintain soil fertility and permit the crop productivity to be sustained in a long-time period" but the T value of wind erosion is not directly provided. For the Mongolian Plateau and neighboring region, the present T value of wind erosion (340 t⋅km
) was obtained from a fi eld experiment conducted at Northwestern Shanxi Province on the south margin of the Mongolian Plateau (Qin 1996) . The determination of a reliable T value of wind erosion is important for assessing the damaging level in winderoded regions, especially in the light wind erosion region of the north Mongo- , suggesting that these sites were more severely eroded. The wind erosion has degraded soil fertility level and the primary productivity of steppe, and hence damaged the structure and service of ecosystem to some degree.
In the Mongolia section, the wind erosion rate generally increased from north to south along the transect except for Tariat. The lowest wind erosion rate was found at Bayannur in the typical steppe zone, 112.37 t⋅km -2 ⋅a -1 , and the highest value was found at Sainshand in Gobi desert, 419.63 t⋅km -2 ⋅a -1 . There is rare rainfall and obviously interannual variability in the Gobi desert zone, the 137 Cs FIGURE 3. The wind erosion rates of the sampling sites of the Tariat-Xilingol transect aerosols amount in atmosphere changed accordingly with the testing variability as a result of nuclear weapon tests (Zapata 2002) , and the majority of 137 Cs fallout is combined with rainfall process. With all the above factors considered, the 137 Cs actual fallout inventory in the Gobi desert zone did not agree well with the model simulations by Walling & He's model (2000) , and the accuracy of the estimated wind erosion rate of Sainshand in Gobi desert is not satisfactory. In general, the trend of the wind erosion rates in the Mongolia section can be summarized as follows: from north to south, wind erosion increased with decreasing annual precipitation and decreasing vegetation coverage; wind erosion increased and biodiversity decreased when ecosystem structure was simplifi ed from typical steppe, desertifi cation steppe, and steppe desert to Gobi desert. The wind erosion process was mainly affected and controlled by physical factors, and the disturbance due to human activity is negligible.
The south section, including Sites of Xilinhot, Zhengxiangbai Banner and Taipusi Banner, is located at Xilingol region of Inner Mongolia of China (Fig.  3) . Apart from the Site of Sainshand in Gobi desert, the wind erosion rate increased gradually from north to south along the whole Tariat-Xilingol transect. The wind erosion rates of study sites in China are higher than those in Mongolia. The wind erosion rates at Xilinhot, Zhengxiangbai Banner and Taipusi Banner are thrice as much as that at Site Bayannur despite similar vegetation types. Higher wind erosion rates in Sites of Xilinhot, Zhengxiangbai Banner and Taipusi Banner could be explained partially by more frequent dust storms due to stronger wind fi eld in the windy season (Tang and Gao 1996; Uno et al. 2006) . Most of the sites were only slightly affected by human activity. All the sampling sites of the Mongolia section except Tariat, changing from typical steppe, desertifi cation steppe, steppe desert to Gobi desert from north to south, with decreasing annual precipitation and vegetation coverage, and increasing wind erosion rates. Our results also showed that the wind erosion process was mainly controlled by physical factors in the Mongolia section of the study transect. In the typical steppe zones of the north and south section of the transect, the wind erosion rates at Sites of Xilingol are thrice as much as that at Site Bayannur. The contrast between these sites could be explained by their differences in physical factors, population density and stocking carry level. Our results also showed that intensive human activity may be responsible for the more severe wind erosion in the Inner Mongolia section. Given the acceptable T value of 200 t⋅km -2 ⋅a -1 for the Mongolian Plateau, the wind erosion rate at each site is beyond the slight level except for Tariat and Bayannur. The ecosystem stability and primary productivity were damaged to some degree and the steppe vegetation was in a continuous degenerate status at these sites.
